capping layers. The annealing process enables not only crystallization of the films but also promotes formation of a solid solution of the two arsenide layers ( fig. S1(A) ). Adopting the capper layers to prevent the evaporation of the film in the annealing process also works in favor to preserve the initial composition ratio between the elements, especially the concentration of As during the crystallization. This may lead to the less formation of As deficiency and enhance the electron-compensation effect of Zn doping. Figure S1(B) shows the x-ray diffraction patterns of the (Cd1-xZnx)3As2 films (vertically shifted for clarity). Instead of diffraction peaks from Cd3As2 and Zn3As2, only the single peak of (Cd1-xZnx)3As2 alloy oriented in (112) direction is detected. The designed film thickness of 35 nm can be confirmed from the periodicity of Laue fringes around the film (224) peak. In fig. S1 (C), the rocking curves around the film (224) peak are presented. The peak width keep constant around  = 0.09 deg. independent of the Zn doping level, ensuring that the crystallinity is not degraded by Zn doping. As indicated by the clear peak shifts in fig. S1(B) , the lattice constant systematically shrinks with Zn doping. In (Cd1-xZnx)3As2, the lattice parameters well follow Vegard's law (25) . Thus, the Zn concentration x can be estimated from the lattice constant. Figure S1 (D) exhibits the (112) lattice spacing d112 and the estimated x values as a function of deposited Cd3As2/Zn3As2 thickness ratio xi. The estimated x is in a good agreement with the designed value xi, indicating excellent controllability and spatial uniformity of the doping.
fig. S1. X-ray diffraction and estimation of Zn concentration x. (A) Schematic illustration
of the capping and annealing process. (B) X-ray diffraction patterns of (Cd1-xZnx)3As2 films around (224) peak. (C) The rocking curves around (224) peak of the (Cd1-xZnx)3As2 films.
(D) (112) lattice spacing d112 and estimated Zn concentration x as a function of Cd3As2/Zn3As2 thickness ratio xi.
section S2. Magnetotransport of (Cd1−xZnx)3As2 films in p-type region
Back-gating through the SrTiO3 substrate makes it possible to invert the majority carrier type from n-type to p-type for x ≥ 0.11 samples. Figure S2 displays magnetic field dependence of longitudinal resistance Rxx and Hall resistance Ryx in the p-type region of each sample. While the magnetotransport in the n-type region are dominated by the quantum oscillations and the quantum Hall plateaus as in the main text, none of such signatures are observed in the p-type region probably due to the lower hole mobility (~100 cm 2 /Vs) or the heavier mass of the valence band. It is also notable that Ryx is non-linear especially for the x = 0.11 and 0.14 samples, indicating multi-carrier transport. For x = 0.14, the Ryx curve is well fitted by the conventional electron-hole transport model as follows
Here, 
section S4. Estimation of Fermi momentum and effective mass
The band properties such as Fermi momentum kF and effective mass m* are extracted through the analysis of the oscillation terms of Rxx. Figure S4 (A) shows the oscillation curves and their temperature dependence obtained by subtracting non-oscillating polynominal terms from Rxx. By taking Fourier transformation of the oscillation terms, the Fermi surface area and kF are estimated from the dominant frequency, which reasonably stems from the main sub-band SB1 ( fig. S4(B) ). In the main text, occupation of second sub-band (SB2) in addition to SB1 is confirmed for the x = 0.11 sample from the experimental observations of the filling factor jump by 4 (VG = 0 and −5 V data in Fig. 3(A) ) as well as the discrepancy between the total electron density and the partial electron density in SB1 ( SB1 = 2 /2 ) for VG 0 > −15 V ( Fig. 4(A) ). In the Fourier spectrum, the peak corresponding to Fermi surface of SB2 appears in a shoulder of the main peak of SB1, but it is not well resolved probably due to smaller oscillation amplitude of SB2. We instead show by broken arrows in fig. S4 (B) the expected Fermi surface area of SB2, which is calculated from the sub-band parameters determined in Fig. 4 (C) and section S5.
For estimation of m* at each Fermi level, the temperature-dependent damping behaviors of the quantum oscillations are analyzed. To avoid the fully developed quantum Hall states, oscillation peaks and valleys at lower fields are selected for estimation of m*, as indicated by the different symbols in fig. S4 (A). We also note that for VG 0 ≤ −10 V only the oscillation amplitudes above 10 K are used. This is because at 2 K quantum Hall states develop even in the lower field regions as well as finer structures in oscillations such as spin-splitting slightly appear, making it difficult to determine the non-oscillating backgrounds in a consistent manner. Such effects are blurred at higher temperatures.
The temperature dependence of the normalized oscillation amplitude ∆Rxx/Rxx (0) 
section S5. Analysis of Landau-level occupation
A detailed analysis of magnetic field dependence of the filling factors provides rich information to visualize the contributions of different sub-bands to the quantum Hall states in the (Cd1-xZnx)3As2 thin films. Especially, as described in the main text, when the filling factor is plotted against the inverse of magnetic field, the filling of Landau levels of SB2 can be estimated from the intercept of a linear extrapolation of each data point, using the Fermi surface of SB1 as its slope (the broken lines in Fig. 4(B) ). Here, we provide the detailed breakdown of the filling factors between SB1 and SB2 for each of the quantum Hall states in fig. S6(A-D) . The filling factors designate the exact numbers of occupied Landau levels at each magnetic field, thus enable us to determine the relative position of the two sub-bands and to build up the Fan chart presented in Fig. 4(C) .
In contrast to the 35 nm thick sample where the occupation of the two sub-bands leads to the complicated appearance of the filling factors as shown in fig. S6 , its appearance becomes simpler in a thinner film because of the increased sub-band splitting energy. 
section S6. Estimation of sub-band parameters
The band dispersion of quantized sub-bands due to confinement effect in a 3D Dirac system is simply described by a hyperbolic function (5)
Here, vF is the Fermi velocity of the bulk Dirac dispersion perpendicular to the confinement direction or the [112] axis of (Cd1-xZnx)3As2 thin films, and EG is the confinement-induced
gap measured with respect to the bulk Dirac points. Following the Lifshitz-Onsager's quantization condition, Landau levels in such a dispersion is formulated as
The parameters of vF and EG is estimated for each sub-band to account for the observed plateau transitions in the (Cd1-xZnx)3As2 thin film (fig. S6 ). The field positions of the plateau transitions are taken from the positions of oscillation peaks in Rxx or its second derivative −d 2 Rxx/dB 2 ( fig. S8 ). vF for SB1 (vF,SB1) is directly calculated by ℏkF/m* through the analysis of quantum oscillations (Fig. 3(D) ). The remaining parameters, on the other hand, are first roughly estimated based on the relationship of the electron density between SB1 and SB2. In fig. S7(A) , the difference of the total elecctron density nQHE and nSB1 is plotted as a function of nSB1. Supposing that nQHE−nSB1 corresponds to the partial electron density of SB2 (nSB2), the linear relationship between nSB1 and nSB2 in fig. S7(A) provides the ratio vF,SB1/ vF,SB2, since at a given Fermi level EF, the two carrier densities are related by the following formula
and solving for nSB2,
We note that the assumption of equal Fermi level for SB1 and SB2 Figure S7 (B) presents the calculated nSB2 using the estimated parameters, along with nQHE, nSB1, and nQHE−nSB1 for comparison. The calculated EF is also shown on the right axis.
Throughout the analysis, we assume a constant Fermi velocity for each sub-band. The small discrepancy between nSB2 and nQHE−nSB1 at higher EF is expected to be corrected, if we further take into account the Ef dependence of vF, where vF is expected to decrease slightly as EF is located away from the bulk Dirac point. Nonetheless, even under the current assumption, it is reasonably concluded that the essential mechanisms of the observed quantum Hall states and the plateau transitions in the (Cd1-xZnx)3As2 thin films are well captured. 
